Abstract -The effects of drought and partial root drying (PRD) on shoot and root growth was assessed in the wild type Ailsa Craig (WT) and the flacca tomato mutant deficient in the plant hormone ABA. Our results show that drought had an inhibitory effect on shoot growth in flacca and especially in WT; the most profound effect was observed in FI (full irrigation), then PRD and the smallest in D plants. Root development in both WT and flacca was stimulated after the 3 rd day of the experiment following a decrease in the soil water content. On the 11 th day of the experiment, when the soil water content was reduced by about 50% of full irrigation (FI), the root density was increased in the drying part of the PDR and on both sides of the drought treatment. On the basis of these results it can be assumed that increased root density and root length represent an adaptation or root adjustment to drought conditions.
INTRODUCTION
The partial root drying (PRD) technique is a watersaving irrigation technique which was first applied in Australia for vineyard irrigation. As a result, the water use efficiency (dry biomass production per unit of used water) was increased by 30% although the yield was sustained (Loveys, 1991) . At present, the PRD method is in use for the irrigation of many other cultures, including apple, pear, peach, olive, strawberry, corn, cotton, tomatoes, potatoes, peppers (Kang and Zhang, 2004) . The theoretical basis of the PRD method is based on our understanding of plant reactions to drought and especially the so-called "chemical signals of drought" where the key role is that of ther plant hormone abscisic acid (ABA). It is well known that an increased concentration of ABA in plants under drought conditions has an inhibitory effect on shoot growth (Chapin, 1991 , Achard et al., 2006 . The PRD results obtained on different species such as tomatoes (Stikic et al., 2003 ), vines (du Toit et al., 2003 and potatoes (Dasgan and Kirda, 2007) also showed a similar reduction on the growth of stems and leaves, while the development of the roots was generally increased, as well as their hydraulic conductivity.
Water transport follows the water potential gradient in the soil-plant-atmosphere continuum (SPAC). The flow rate of water from the soil to the root could be calculated by dividing the gradient in water potential by the sum of resistance, including those between the bulk soil to the root surface, and those between the root surface and the root interior. Some of the presented hydraulic models suggest that both types of resistance decrease if the dry mass of the root is increased (Johnson et al., 1991) .
According to Steudle (2000) , the water flow differed between young and older roots, and younger roots in optimal conditions have a smaller apoplastic resistance than older ones. The exposure of roots to drought stress reduces by 50% the water uptake compared to young unstressed roots (Lauenroth et al., 1987) . Depending on the resistance and shoot mass, water movement continues through the shoot following the gradient of water potential, which is to be expected is usual in a hydraulic model (Johnson et al., 1991) .
PRD irrigation must be switched regularly from one side of the root to the other to maintain the roots in the dry soil alive and fully functional and to sustain the supply of root signals, including ABA. The time of switching and number of applied watering/drying cycles are essential for plant reactions to PRD. Most of the published papers about the effects of PRD on root or shoot growth are based on several longer-term cycles. The aim of the present paper was to assess the effects of the first wet/dry cycle on the root and shoot development of the tomato which could be significant for the understanding of the reactions of plants to PRD under longer-term cycling. Our aim was also to compare the reactions under PRD between a wild type tomato cultivar, Ailsa Craig, and tomato mutant flacca. The mutant flacca is deficient in ABA and its response could improve our understanding of the role of ABA in PRD short-term effects. The root and shoot development was followed by a visual estimation of the plants in non-destructive experimental conditions.
MATERIALS AND METHODS

Seeds of tomato species Lycopersicon esculentum
Mill. cv. Ailsa Craig and mutant flacca (Lancaster Environment Centre, UK) were sown in a commercial substrate. The plants were grown under controlled conditions in a growth chamber (day/night temperature 26/18 o C, relative humidity of 70% and light of 300µmol/m 2 s). The primary root was removed from the plants at the 4 th leaf stage, and the root system divided equally between two transparent pots. Pots 24 cm in height were filled with 800g of substrate (Klasman Postgraund-H), and wrapped with aluminum foil. The tomato was sown in the pots and after 5 days (recovering period) the plants were exposed to drought.
For the PRD treatment, half of the root system was maintained in a dry state, while the other half was watered. In the drought treatment (variant D), both sides of the root zone were maintained in a dry state, while in the PRD system, drought was induced only in one side of the root zone. One drying cycle at PRD lasted until the soil water content decreased by 50% of the field capacity of the substrate (Gowing et al., 1990) . In our experiments this was achieved on the 11 th day of the experiment when the volumetric soil water content (SWC) decreased by half, from 37% to 17%. Assessment of the development and growth of the shoot and root was done by constant visual observations of the plants that were maintained in transparent pots.
RESULTS AND DISCUSSION
Figs. 1A and 2A show the shoot and root growth and development of Ailsa Craig (WT) and flacca on the 3 rd and 11 th days of treatment. After 3 days of treatment, the visual estimation did not show any differences between the investigated plants. This uniformity in development was expressed in both organs, i.e. the roots and shoots (shoot height and leaf number). During this period, in both WT and flacca the majority of the roots were at a depth of 7-10 cm. Furthermore, significant differences between WT and flacca were not expressed in the root level, while in the WT plants shoot development was more obvious than in the flacca plants (Figs. 1A and 2A ) Differences between the treatments in the shoots were the greatest at the end (after 11 days). Maximal shoot growth was attained by the the FI plants, then the PRD, while it was smallest in and the D plants (Figs. 1B and 2B ).
Although our experiment did not include ABA measurements, differences in shoot growth could be explained by the effects of ABA that was induced by our treatments. The roots in the drying soil produce chemical signals such as ABA, that restrict plant water use by partially closing the stomata and restricting vegetative growth (Davies and Zhang, 1991; Dodd, 2005) . Similar inhibitory effects of ABA on leaf and stem growth were confirmed by the exogenous application of ABA (Trewaves and Jones, 1991) . The ef-fects of ABA were further confirmed by the results of transgenic tomato lines with high expression NCED gene. This gene encodes the enzyme 9' cis epoxy carotenoid-dioxygenase which affects the rate of ABA synthesis. Results of Thompson et al., (2007) showed that under conditions of optimal irrigation, in transgenic plants the concentration of ABA was increased and the biomass reduced compared to the wild type. Results of Creelman et al. (1990) showed that in soybean plants under drought conditions the synthesis of ABA is increased and that this was in correlation with a reduced shoot/root ratio. This reduced ratio indicated that the root growth was increased in relation to the shoot.
Comparison of root development between WT and flacca and applied treatments during the 3 rd day of experiment did not show any significant differences (Figs. 1A and 2A) . However, the differences were expressed on the 11 th day when the root density increased in the drying part of the PDR and in both sides exposed to the drought treatment. Increased root development was observed in both the WT and flacca plants (Figs. 1C and 2C) . A similar tendency to increase the length and density of the roots has been previously detected in tomatoes under PRD treatment as well (Mingo, 2003) . Furthermore, exogenously applied ABA also leads to the development of root hairs and initiation of lateral primordia in the top of young seminal roots (Chen et al., 2006) . The results of Yoshimura et al., (2008) showed that the reactions of watermelon depend on the severity of stress. During the early stages of drought increases in root length were noticed, while in more serious drought (after the reduction of soil water content by more than 20%), both root and shoot growth was reduced.
On the basis of the results that concern the timecourse of the applied treatments, we assumed that the root growth response is not static, but is modified during the treatment, which could present an adap- tive reaction (Dinneny et al., 2008) . Our results with flacca, and especially with the WT plants, showed that drying in theduring drought and the PRD treatment leads to increased root development. The increased density and root length could be a type of adaptation or root adjustment to the drought conditions. The PRD treatment with one/several shiftings could be commensurable with amplitude/modified oscillatory kinetics. We can assume that the first wet/dry cycle leads to improved development in the half of the root exposed to drying during the PRD treatment, while the next alternation had the same effect in the second half of the root, and so on. Thus, the PRD technique could be treated as an irrigation strategy in which drought stress is applied as a modified oscillatory kinetics contributing to the development of roots, i.e. the development of a certain type of plant adaptation. 
